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Abstract Gmelina arborea Roxb. is a fast-growing species 
and is known to have been used in traditional Indian 
medicine. Chemical constituents from the bark have not 
been reported, although some chemical constituents from 
part of this plant (heartwood, leaf, and root) are known. In 
this study, the bark meal was successively extracted with 
acetone and methanol. Fractionation of the acetone extract 
with «-hexane, diethyl ether, and ethyl acetate and subse¬ 
quent chromatographic separation of the fractions led to the 
isolation of four compounds. The diethyl ether-soluble frac¬ 
tion yielded tyrosol [2-(4-hydroxyphenyl)ethanol] (1); 
(+)-balanophonin ( 2 ), an 8-5' neolignan, with opposite opti¬ 
cal rotation to known (-)-balanophonin; and gmelinol ( 3 ), a 
known lignan. The ethyl acetate-soluble fraction afforded a 
new phenylcthanoid glycoside to the best of our knowledge, 
which was identified as (-)-/?-hydroxyphenylethyl[5"'-(9- 
(3,4-dimethoxycinnamoyl)-/J-D-apioluranosyl( V" —» 6')]-/i- 
D-glucopyranoside ( 4 ). From the methanol extract, two 
known compounds, 2,6-dimethoxy-p-benzoquinone ( 5 ) and 
3,4,5-trimethoxyphenol (6), were isolated and identified. 
The l,l-diphenyl-2-picrylhydrazyl (DPPH) free radical 
scavenging assay of the identified compounds indicated that 
3,4,5-trimethoxyphenol (6) exhibited moderate activity. 
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Introduction 

Bark is a portion of the vascular plant body consisting of all 
tissues external to the vascular cambium. Bark has several 
functions in the living tree. It protects the tree from attack 
by microorganisms, insects, and mammals, and from chemi¬ 
cals in the atmosphere. 1 Mechanically, the bark contributes 
to bending strength of the stems. 2 In the wood processing 
industry and the pulp and paper industry, bark is a major 
by-product. It is used in energy production in boiler kilns 
or furnaces. A tannin-based adhesive from bark can be used 
as a substitute for synthetic phenolic resin, 3 and can be used 
to produce particleboard. 4 In some countries, bark has been 
used as a source of remedies for treatment of many diseases. 
The most popular bark used as a natural medicine is Cin¬ 
chona officinalis bark, which has been used as an antima- 
larial agent during the past two centuries. The bark also has 
potential use as an interesting source of strong antioxi¬ 
dants. 5 Pycnogenol, which is extracted from the bark of 
Pinus maritima , has antioxidant activity. 6 

In this study, bark of Gmelina arborea Roxb. was used. 
This woody plant has been used as cardiotonic in traditional 
Indian medicine. 7 Its stem bark can be used as an antidiar- 
rhoeal 8 and for treatment of intermittent fevers. 9 Its leaf can 
be used for stomach disorders, 10 can be given orally for 
coughs, gonorrhoea, and ulcers, and can be used topically 
for scorpion stings and snakebites. 11 The crushed roasted 
fruit and the juice are applied externally to the itch. 

Gmelina arborea is a fast-growing tree species. 12 It has 
been widely planted in southern China, Bangladesh, and 
Southeast Asian countries, including Myanmar, Thailand, 
Vietnam, Indonesia, and the Philippines; 13 and less widely 
in tropical African and Latin American countries. 14 Its 
wood is suitable for molding, furniture, interior wood 
working, ship building, plywood, 15 pulp and paper, 16 and can 
be used for carpentry and fodder. 17 Some chemical constitu¬ 
ents from this tree are known. Lignans, 18 22 iridoid glyco¬ 
sides, 23 flavonoids, 24 furanoresorcinol, 25 and an isoxazole 
alkaloid 26 were isolated from the heartwood. An apiose- 
containing coumarin glycoside was isolated from the root. 27 
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Its leaves contained luteolin (a flavone), 28 alkaloids, 29 and 
gmelinoside (an acetylated iridoid glycoside). 30 It was 
reported that lignans from the heartwood of G. arborea 
[(+)-arboreol, (+)-paulownin, (+)-gmelinol, and (+)-epieu- 
desmin] showed antifungal activity. 22 However, chemical 
constituents from the bark have not been reported. Recently, 
it was observed that bark and fruit of G. arborea protected 
liver cells from oxidative stress. 31 In this study, we isolated 
and identified chemical constituents from the bark of G. 
arborea Roxb. and investigated their l,l-diphenyl-2- 
picrylhydrazyl (DPPH) free radical scavenging activity. 


Materials and methods 

General experimental procedures 

Column chromatography was conducted on a FMI pump 
system with a Sigma-Aldrich Michel-Miller column of 
Merck silica gel 60 (230-400 mesh, ASTM). Analytical thin- 
layer chromatography (TLC) and preparative TLC were 
performed by using plates precoated with Merck silica gel 
60 F 254 (0.25 and 0.50 mm thickness, respectively). Analyti¬ 
cal high-performance liquid chromatography (HPLC) was 
carried out on a Jasco MD-2010 plus equipped with a 
Jasco UV-970 intelligent UV/Vis detector (280 nm) and a 
Shimadzu Chromatopac C-R6A, using a reversed-phase 
column (Tosoh, TSK-GEL ODS-80TS, 250 x 4.6 mm i.d., 
stainless steel). Preparative HPLC (flow rate: 2.0 ml/min, 
detection: UV 280 nm) was done using the same system as 
above except for the column size (300 x 7.8 mm i.d.). Melting 
points were measured on a Yanaco MP 52641 micro melting 
point apparatus and were uncorrected. 3 H and 13 C nuclear 
magnetic resonance (NMR) spectra and two-dimensional 
NMR spectra [ H- H correlation spectroscopy (COSY), 
nuclear Overhauser effect (NOE) spectroscopy (NOESY), 
3 H detected multiple quantum coherence (HMQC) spec¬ 
troscopy, and °H detected multiple bond connectivity 
(HMBC) spectroscopy] were obtained on a JEOL JNM 
Alpha 400 FT-NMR spectrometer using tetramethylsilane 
as an internal standard. Chemical shifts were expressed 
as 8 (in ppm) and coupling constants (/) were recorded in 
hertz. Electron-impact (El, 70 eV) and fast-atom bombard¬ 
ment (FAB) mass spectra (MS) were acquired on a JEOL 
JMS-SX102A mass spectrometer. Fourier-transform 
infrared (FT-IR) spectra were recorded on a Jasco FT/IR- 
670 Plus spectrophotometer. UV-visible absorbance was 
determined on a Shimadzu UV 1600 spectrophotometer. 
Optical rotations were measured with a Jasco P-1010 
polarimeter. 

Plant materials 

The bark was stripped from Gmelina arborea trunk that was 
collected from Sumedang, West Java, Indonesia, in May 
2005. The chipped bark was ground in a Wiley mill and the 
resulting meal was screened to give 40-80 mesh bark meal. 
The voucher specimen was deposited in the Department of 


Bark meal (1,5kg, 40-80 mesh) 



Residue Acetone extract 



Aqueous fr. Diethyl ether fr. 


fractionated with ethyl acetate 

I-1 

Aqueous fr. Ethyl acetate fr. 

Fig-1. Procedure for extraction and fractionation of Gmelina arborea 
bark meal 

Forest Product Technology, Winaya Mukti University, 
Bandung, Indonesia. 

Extraction and fractionation 

The bark meal (40-80 mesh, 1500 g air-dried) was extracted 
three times with acetone (3000 ml) for 48 h at room tem¬ 
perature, and then with methanol (MeOH) similarly to give 
an acetone extract (12.54 g) and a methanol extract (15.10 g). 
The acetone extract was reconstituted with 75 ml of acetone 
and the solution was suspended with the addition of 20 ml 
of water. The suspension was successively fractionated with 
«-hexane, diethyl ether, and ethyl acetate (EtOAc), to give 
«-hexane-soluble fraction (3.42 g), diethyl ether-soluble 
fraction (1.82 g), and EtOAc-soluble fraction (1.72 g), 
respectively. The general scheme of these successive frac¬ 
tionations is shown in Fig. 1. 

Isolation and identification of compounds 

The diethyl ether-soluble fraction was chromatographed on 
a silicagel column (n-hexane/EtOAc = 100:0 to 0:100 as a 
stepwise elution, column size 300 x 21 mm i.d.) to give 120 
fractions (each 20 ml). On the basis of UV detection 
(280 nm), these fractions were collected to afford seven 
major fractions: fr. I (frs. 1-36), fr. II (frs. 37-53), fr. Ill (frs. 
54-74), fr. IV (frs. 75-90), fr. V (frs. 91-102), fr. VI (frs. 
103-110), and fr. VII (frs. 111-120). Fr. Ill was purified by 
preparative HPLC [MeOH/H 2 0 = 20:80 (v/v) as eluent] to 
give compound 1 (16.3 mg). Fr. IV was separated by TLC 
[n-hexane/EtOAc = 1:4 (v/v) as developing solvent] to yield 
nine fractions (frs. IV-1 to IV-9). Fr. IV-2 (A, 0.81) was 
further separated by TLC [n-hexane/EtOAc = 1:4 (v/v)] to 
afford four fractions (frs. IV-2-1 to IV-2-4), and then fr. 
IV-2-3 (R, 0.56) was purified by preparative HPLC [MeOH/ 
H 2 0 = 30:70 (v/v)] to give compound 2 (9.7 mg). Fr. IV-3 
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(R t 0.75) was repurified by TLC [n-hexane/EtOAc = 1:4 (v/ 
v)] to yield five fractions (frs. IV-3-1 to IV-3-5) and then fr. 
IV-3-3 (R f 0.56) was subjected to preparative HPLC [MeOH/ 
H,0 = 45:55 (v/v)] to give compound 3 (0.8 mg). 

The ethyl acetate-soluble fraction was chromatographed 
on a silica gel column [«-hexane/EtOAc = 100:0 to 0:100 
(v/v)] to give 67 fractions (each 20 ml). These fractions were 
collected with UV detection (280 nm) to afford 9 major 
fractions, fr. T (frs. 1-10), fr. II' (frs. 11-15), fr. Ill' (frs. 
16-20), fr. IV' (frs. 21-25), fr. V' (frs. 26-34), fr. VI' (frs. 
35-45), fr. VII' (frs. 46-53), fr. VIII' (frs. 54-58), and fr. IX' 
(frs. 59-67). Fr. VIII' was separated by TLC [CH 2 Cl 2 /MeOH 
= 85:15 (v/v)] to give 9 fractions (frs. VIII'-l to VIII'-9). 
Fr. VIIT-3 (R t 0.47) was purified by TLC [CH 2 C1 2 / 
MeOH = 80:20 (v/v)] to yield 7 fractions (frs. VIII'-3-l to 
VIII'-3-7). Fr. VIIF-3-3 (R f 0.56) was subjected to prepara¬ 
tive HPLC [MeOH/H 2 0 = 40:60 (v/v)] to give compound 4 
(23.4 mg). 

The methanol extract was chromatographed on a silica 
gel column [n-hexane/EtOAc = 100:0 to 0:100 (v/v), column 
size 450 x 51 mm i.d.] to give 150 fractions (each 20 ml). 
These fractions were collected to afford 12 major fractions, 
fr. I" (frs. 1-25), fr. II" (frs. 26-38), fr. Ill" (frs. 39-50), fr. 
IV" (frs. 51-63), fr. V" (frs. 64-73), fr. VI" (frs. 74-84), fr. 
VII" (frs. 85-95), fr. VIII" (frs. 96-112), fr. IX" (frs. 113- 
120), fr. X" (frs. 121-128), fr. XI" (frs. 129-138), and fr. XII" 
(frs. 139-150). Fr. IV" was separated by TLC [«-hexane/ 
EtOAc = 1:4 (v/v)] to afford 9 fractions (frs. IV"-1 to IV"-9), 
and fr. IV"-7 ( R t 0.44) was compound 5 (3.7 mg). Fr. V" was 
purified by TLC [CH 2 Cl 2 /MeOH = 85:15 (v/v)] to afford 9 
fractions (frs. V"-l to V"-9). Fr. V"-4 (R t 0.75) was repuri¬ 
fied by TLC [CH 2 Cl 2 /MeOH = 85:15 (v/v)] to give com¬ 
pound 6 (2.2 mg) (R f 0.47). The chemical structure of 
isolated compounds was determined by EI-MS, FAB-MS, 
and 'll and 13 C NMR spectroscopy. 

Compound 1. White powder. Mp. 89°-92°C (lit. 91°C). 32 IR 
(KBr): v max cm” 1 3389, 3149, 2879, 2512, 1599, 1513, 1452, 
1363, 1233, 1105. EI-MS m/z (rel. int.): 138 [M] + (60), 107 
(100), 77 (60). : H NMR (CDC1 3 ): 8 2.80 (2H, t, J = 6.6 Hz, 
7-H 2 ), 3.82 (2H, br. t, / = 6.6 Hz, 8-H 2 ), 4.97 (1H, br. s, Ar- 
4-OH), 6.78 (2H, d, J = 8.3 Hz, equivalent, 3- and 5-H), 7.10 
(2H, d, J = 8.5 Hz, equivalent, 2- and 6-H). 

Compound 2. A pale yellow oil. [a ]d +33° (c 0.090, MeOH). 
IR (KBr): v max cm' 1 3398,1663,1593,1518,1332,1211,1133. 
EI-MS m/z (rel. int.): 356 [M] + (21), 338 [M-H 2 0] + (100), 
326 [M-CH 2 0] + (56), 165 (32), 152 (28), 151 (18), 137 (22), 
115 (27), 77 (39). 3 H NMR (CDC1 3 ): 8 3.69 (1H, m, 8-H), 
3.88 (3H, s, 3-OCHO, 3.94 (3H, s, 3'-OCH 3 ), 3.96-4.00 (2H, 
partially overlapping, 9-H 2 ), 5.63 (1H, s, Ar-OH), 5.65 (1H, 
d,/= 7.1 Hz, 7-H), 6.62 (1H, dd,/ = 15.7,7.7 Hz, 8'-H),6.90 
(3H, br. s, 2-, 5-, and 6-H), 7.05 (1H, br. s, 2'-H), 7.14 (1H, 
br. s, 6'-H), 7.42 (1H, d, / =15.6 Hz, 7'-H), 9.66 (1H, d, J = 
7.8 Hz, 9'-CHO). 

Compound 3. Colorless powder. EI-MS m/z (rel. int.): 402 
[M] + (100), 236 (23), 221 (19), 207 (21), 179 (51), 177 (44), 
167 (42), 166 (68), 165 (61), 151 (61), 139 (31), 95 (20). 3 H 


NMR (CDC1,): 8 3.13 (1H, m, 8-H), 3.32 (1H, t, J = 9.4 Hz, 
9a-H ), 3.72 (1H, d, J = 9.5 Hz, 9'a-H), 3.89 (3H, s, 4-OCH 3 ), 
3.90 (3H, s, 3-OCH 3 ), 3.91 (3H, s, 4'-OCH 3 ), 3.92 (3H, s, 3'- 
OCH 3 ), 3.98 (1H, t, / = 9.1 Hz, 9b-H), 4.23 (1H, d, / = 9.3 Hz, 
9'b-H), 4.61 (1H, s, 7'-H), 5.23 (1H, d, J = 6.3 Hz, 7-H), 6.84 
(1H, dd, J = 8.4,1.3 Hz, 6-H), 6.87 (1H, d, / = 8.3, 5-H), 6.90 
(1H, d, / = 1.5 Hz, 2-H), 6.91 (1H, d, J = 8.5 Hz, 5'-H), 6.95 
(1H, dd, J = 8.3, 1.7 Hz, 6'-H), 6.97 (1H, d, / = 1.7 Hz, 
2'-H). 

Compound 4. Colorless powder. Mp. 83°-85°C. [ajj, 0 -38.8° 
(c 0.129, MeOH). IR (KBr): v max cm -1 3348, 1516, 1262. 
FAB-MS m/z: 645 [M+Na] + , 623 [M+l] + , 622 [M] + . 3 H and 
13 C NMR (CD 3 OD) data, see Table 1. 

Compound 5. Yellow powder. Mp. 218°-220°C. IR (KBr): 
v max cm” 1 3061,1696,1644,1592,1441. EI-MS m/z (rel. int.): 
168 [M] + (100), 138 (53), 125 (51), 112 (27), 97 (46), 80 (67), 
59 (26), 53 (33). 3 H NMR (CDC1 3 ): 53.82 (6H, s, equivalent, 
2- and 6-OCH 3 ), 5.86 (2H, s, equivalent, 3- and 5-H). 

Compound 6. Pale brown powder. Mp. 148°-151°C (lit. 
147°C). 32 IR (KBr): v max cm” 1 3323, 1645, 1109. EI-MS m/z 
(rel. int.): 184 [M] + (62), 169 (100), 141 (63), 126 (26), 111 
(29). 3 H NMR (CDC1 3 ): 8 3.78 (3H, s, 4-OCH,), 3.82 (6H, 
s, equivalent, 3- and 5-OCH,), 4.76 (1H, br. s, Ar-OH), 6.09 
(2H, s, equivalent, 2- and 6-H). 


Antioxidant activity assay 

The antioxidant activity of the isolated compounds were 
assayed for the effect of scavenging stable DPPH free 
radicals, according to the literature method 33 with slight 
modification. The compounds and trolox were dissolved in 
MeOH to make a 50 ppm solution. Each of the test sample 
solutions (0, 30, 60, 90, 120, and 150 pi) was added into a 
mixture (0.9 ml) of 0.4 mM DPPH solution, 20% MeOH aqu¬ 
eous solution, and 0.2 M 2-(V-morpholino)ethanesulfonic 
acid (MES) buffer solution (1:1:1). The resulting mixtures 
were shaken on a vortex mixer and stood for 20 min, 
and then the absorbance of the remaining DPPH in the 
mixture was determined with a UV-visible spectrophotom¬ 
eter at 520 nm. The percentage inhibition of the DPPH 
radicals by the samples were calculated from the following 
equation: 

DPPH radical scavenging (%) = (1 - A/A 0 ) x 100 

where A 0 is the absorbance of the mixture without a sample 
and A is the absorbance of the mixture with a sample after 
20 min. 


Results and discussion 

Bark meal of Gmelina arborea was successively extracted 
with acetone and methanol. The acetone extract was frac¬ 
tionated with «-hexane, diethyl ether, and ethyl acetate 
to give the respective soluble fractions. From the diethyl 
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Table 1. *H and 13 C nuclear magnetic resonance data of compound 4 and its COSY and HMQC correlations 


Position 

1 H (8) 

13 C (<5) 

COSY 

HMQC ( 8) 

Acyl moiety 

1 


128.72 



2 

7.19 (d, / = 2.0 Hz) 

111.47 

H-6 

C-2 (111.47) 

3 

- 

150.72 

- 

- 

4 

- 

152.86 

- 

- 

5 

6.96 (d, / = 8.3 Hz) 

112.59 

H-6 

C-5 (112.59) 

6 

7.15 (dd, / = 8.4, 2.1Hz) 

124.14 

H-5, H-2 

C-6 (124.14) 

7 

7.66 (d, /= 16.1 Hz) 

146.83 

H-8 

C-7 (146.83) 

8 

6.42 (d, / = 15.9 Hz) 

116.05 

H-7 

C-8 (116.04) 

9 

- 

168.69 

- 

- 

3-OCH 3 

3.86 (br. s) 

56.51 

- 

3-OCH 3 (56.51) 

4-OCH 3 

3.85 (br. s) 

56.41 

- 

4-OCH 3 (56.41) 

Aglycone 

T 


130.71 



276' 

7.03 (d, /= 8.5 Hz) 

130.92 

H-37H-5' 

C-27C-6' (130.92) 

375' 

6.67 (d,/= 8.5 Hz) 

116.12 

H-27H-6' 

C-37C-5' (116.12) 

4' 

- 

156.72 

- 

- 

7' 

2.80 (t, / = 6.8 Hz) 

36.38 

H-8'a, H-8'b 

C-7' (36.38) 

8'a 

3.69 (td, J = 7.8, 2.2 Hz) 

72.17 

H-7', H-8'b 

C-8' (72.17) 

8'b 

3.96 (m, overlapping) 

- 

H-7', H-8'a 

C-8' (72.17) 

Glucose 

1" 

4.28 (overlapping) 

104.38 

H-2", H-3" 

C-l" (104.38) 

2" 

3.18 (dd, / = 9.0, 7.8 Hz) 

75.00 

H-l", H-3" 

C-2" (75.00) 

3" 

3.35 (t, J = 8.9 Hz) 

78.00 

H-l", H-2" 

C-3" (78.00) 

4" 

3.27 (t, J = 9.0 Hz) 

71.68 

H-5" 

C-4" (71.68) 

5" 

3.41 (m) 

76.76 

H-4", H-6" 

C-5" (76.76) 

6"a 

4.01 (dd,/= 11.1,2.1 Hz) 

68.58 

H-6"b 

C-6" (68.58) 

6"b 

3.63 (dd, / = 11.2, 6.2 Hz) 

- 

H-6"a, H-5" 

C-6" (68.58) 

Apiose 

1'" 

5.04 (d,/ = 2.2 Hz) 

110.60 

H-2'" 

C-l'" (110.60) 

2'" 

3.95 (d, / = 2.2 Hz) 

78.98 

H-l'" 

C-2'" (78.98) 

3'" 

- 

78.45 

- 


4"'a 

3.85 (overlapping) 

75.04 

H-4'"b 

C-4'" (75.04) 

4"'b 

4.05 (d, / = 9.8 Hz) 

- 

H-4'"a 

C-4'" (75.04) 

5'" 

4.28 (overlapping) 

67.50 

- 

C-5'" (67.50) 


Fig. 2. Chemical constituents 
isolated from Gmelina arborea 
bark. The absolute configuration 
of 3 is unknown. The structural 
formula of (+)-3 is used for 
convenience 



1 



2 




ether-soluble fraction, compounds 1, 2, and 3 (Fig. 2) were 
obained. Compound 1 was isolated as a white powder. The 
H NMR spectrum of compound 1 showed two doublets at 
56.78 (2H, J = 8.3 Hz,3- and 5-H) and 57.10 (2H,7 = 8.5 Hz, 
2- and 6-H) for para-substituted symmetrical aromatic ring 
protons, a broad singlet of Ar-4-OH at 5 4.97, and two 


triplets for an Ar-CH 2 CH 2 -0- moiety at 5 2.80 (2H, J = 
6.6 Hz, 7-H) and 3.83 (2H, / = 6.6 Hz, 8-H). Both COSY 
and NOESY (Fig. 3) spectra showed correlations of 2- and 
6-Hs with 3- and 5-Hs. EI-MS showed the molecular ion 
peak at m/z 138 and a fragment ion peak of [HOC 6 H 4 CH 2 ] + 
at m/z 107. Therefore, compound 1 was identified as 4-(2- 
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Fig. 3. The NOESY correlations 
( arrows ) in the compounds 
isolated from Gmelina arborea 
bark. The absolute configuration 
of 3 is unknown. The structural 
formula of (+)-3 is used for 
convenience 



1 




hydroxyethyl)phenol [2-(4-hydroxyphenyl)ethanol]. These 
data were identical with those of tyrosol as a component of 
olive ( Olea europaea) oil. 34 

Compound 2 was isolated as pale yellow syrup. The 11 
NMR spectrum showed two singlets of aromatic methoxyl 
groups (5 3.94 and 3.88); two doublets at 8 9.66 (1H, J = 
7.8 Hz, 9'-CHO) and 7.42 (1H, / = 15.6 Hz, 7'-CH=), and 
a doublet of doublets (5 6.62, J = 15.7, 7.7 Hz, 8'-CH=) of 
a trans-cinn a m a 1 d e h y d e moiety; a doublet of 7-benzylic 
methine (8 5.65, J = 7.1 Hz), a multiplet of 8-benzylic 
methine (5 3.69), and a broad singlet of Ar-4-OH (5 5.63). 
It suggested the presence of 9-methylene. Signals of aro¬ 
matic protons at 8 6.90 (Ar-2, 5, and 6-H), 7.05 (Ar-2'-H) 
and 7.14 (Ar-6'-H) showed a characteristic pattern of a 
phenylcoumaran-type dilignol (or a benzofuran-type neolig- 
nan). The EI-MS data showed the molecular ion peak at 
m/z 356, and the fragment ion peaks of [M-H 2 0] + at 338 
and [M-CH 2 0] + at 326. These spectral data and the COSY 
and NOESY (Fig. 3) correlations indicated that structure 
of 2 was a coniferaldehyde derivative of (£)-dehydrodico- 
niferyl alcohol. The large proton coupling constant between 
7-H and 8-H (/ 78 = 7.1 Hz) suggested the dihydrofuran ring 
has a fraus-configuration. The 4 H NMR and EI-MS data 
were identical with those of synthetic (+)-(7S,8R) balano- 
phonin. 35 Although natural (-)-balanophonin was isolated 
from Balanophora japonica , 36 compound 2 was identified 
as (+)-balanophonin, (+)-(.E)-(7S,8.R)-4,9-diliydroxy-3,3'- 
dimethoxy-7,4'-epoxy-8,5'-neolign-7'-en-9'-al, which was 
isolated from G. arborea for the first time. 

Compound 3 was isolated as colorless powder. The 4 H 
NMR spectrum showed two pairs of tri-substituted aro¬ 
matic protons (2, 5, 6-H, and 2', 5', 6'-H) and four singlets 
of aromatic methoxyl groups at 8 3.89, 3.90, 3.91, and 3.92 
(each 3H), which indicates that this compound has two 
veratryl groups. The presence of two doublets (5 3.72, 
J = 9.5 Hz, 9'a-H, and 8 4.23, J = 9.3 Hz, 9'b-H) and two 


apparent triplets {8 3.32, J = 9.4 Hz, 9a-H, and 8 3.98, 
/ = 9.1 Hz, 9b-H) for nonequivalent geminal methylene 
protons at C-9' and C-9, respectively, one (not two) multi¬ 
plet (8 3.13, 8-H), one doublet (5 5.23, J = 6.3 Hz) (benzylic 

7- H), and one singlet (not doublet) (benzylic 7'-H) sug¬ 
gested a furanofuran lignan structure without 8'-H. The 
NOESY correlations (Fig. 3) showed that the 7-H has cor¬ 
relation with 8-H, but not with 9-H or 9'-H, whereas the T- 
H has correlation with two protons of 9-H and 9'-l I, which 
supported the lignan structure with 7a-H (ep/-form). EI-MS 
showed the molecular ion peak at m/z 402. These data were 
identical with those of gmelinol (S'-Ol I). a known lignan 
isolated from the heartwood of this species. 1822 Because the 
amount of 3 was too small to measure the optical rotation 
with a polarimeter, the absolute configuration of 3 is 
unknown. To show the relative configuration in Figs. 2 and 
3, a structural formula of the (-i-)-enantiomer is used for 
convenience. 

From the ethyl acetate-soluble fraction, compound 4 was 
isolated as white powder. The 2 H NMR spectrum (Table 1) 
showed two doublets at 8 6.67 (2H, J = 8.5 Hz, 3'- and 5'-H) 
and 7.03 (2H, J = 8.5 Hz, 2'- and 6'-H) for para-substituted 
aromatic protons, and a triplet at 8 2.80 (J = 6.8 Hz, 7'-H 2 ) 
and two signals at 8 3.69 (1H, td, J = 7.8, 2.2 Hz, 8'-Ha) and 
3.96 (1H, m, 8'-l lb) for a -CH 2 CH 2 - group, which indicates 
the presence of a 2-(p-hydroxyphenyl)ethoxyl moiety. The 
two signals were assigned as a nonequivalent oxymethylene 
connected to a stereogenic carbon. Two strong singlets at 8 
3.85 (3H) and 3.86 (3H) for aromatic methoxyl groups; two 
doublets (5 7.19,1H, J = 2.0 Hz, and 8 6.96,1H, J = 8.3 Hz) 
and a doublet of doublets at 57.15 (1H,/= 8.4, 2.1 Hz) for 
tri-substituted 2,5,6-aromatic protons; and two doublets at 
8 7.66 (1H, / = 16.1 Hz, 7-CH=) and 6.42 (1H, / = 15.9 Hz, 

8- CH=) for alkene protons indicated the presence of a 
/ram'-3,4-dimethoxycinnamoy 1 moiety. The other 'll NMR 
signals located in the range 8 3.18 to 5.04 suggested the 
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presence of a saccharide moiety, which was supported by 
the presence of the 11 13 C NMR peaks (Table 1) in the range 
5 67.50 to 110.60, except for 5 72.17 (8'-C), suggesting that 
the sugar was a disaccharide. The other 17 13 C NMR peaks 
showed the presence of 1 carboxyl carbon (8 168.69), 2 
methoxyl carbons (5 56.41 and 56.51), 2 methylene carbons 
(5 36.38 and 72.17), 12 aromatic or 2 olefinic carbons [5 
111.47, 112.59, 116.05, 116.12 (2C), 124.14, 128.72, 130.72, 
130.92 (2C), 146.83, 150.72, 152.86, and 156.72] indicating 
the above two aromatic moieties. By comparison of the 13 C 
NMR data of analogue compounds, 37 it was suggested that 
the disaccharide was composed of a glucose and an apiose. 
The peaks of anomeric carbons at 8 104.38 and 110.60 were 
assigned as C-l" of the glucopyranose and C-T" of the api- 
ofuranose, respectively. The 'll NMR signals of the ano¬ 
meric protons at 8 4.28 (overlapping, 1"-H) and 8 5.04 (1H, 
d, / = 2.2 Hz, 1"'-H) supported the presence of the disac¬ 
charide. The large coupling constant between 2"-H and 1"- 
H (7,",i" = 7.8 Hz) indicated that the anomeric center of the 
glucopyranose group had the /^-configuration 36 37 rather 
than the a-configuration, which gives the smaller proton 
coupling constant (/ 2 » r = ~4 Hz). 38 The apiofuranosyl group 
was also identified by the presence of a quaternary carbon 
(C-3"') and two methylene carbons (C-4"' and C-5'"). 
The COSY correlations showed that there was no cor¬ 
relation between C-4'"-H 2 and C-5"'-IT which also indi¬ 
cated the presence of the apiofuranosyl group. In the HMBC 
spectrum (Fig. 4), the proton signals at 54.28 (overlapping, 
1"-H and 5"'-H) showed three-bond correlations with the 
carbon peaks at 5 72.17 (C-8'), 75.04 (C-4'"), 78.98 (C-2'"), 
and 168.69 (C-9), as well as two-bond correlations with 
those at 75.00 (C-2"). The proton signal at 5 3.69 (8'-H) 
showed three-bond correlations with the carbon peak at 
5 104.38 (C-l"). Consequently, it was found that the p- 
hydroxyphenylethoxyl moiety was linked at C-l" of the 
glucose, and that the C-9 of the cinnamoyl moiety was ester- 
ilied to the 5"'-OH (54.28). The peak of apiofuranosyl C-5'" 
at 5 67.50 was shifted downfield, compared with the C-5 
peaks (5 63.8) 39 of a nonacylated apiofuranosyl unit, sup¬ 
porting the position of the ester. The proton signals at 55.04 
(l'"-H) and 3.63 (6"-H) showed long correlations with C-6" 
(5 68.58) and C-l'" (5 110.60), respectively. The former 
13 C NMR peak of glucopyranosyl at 5 68.58 (C-6") was 
conspicuously deshielded, compared with that of a nonacyl¬ 
ated glucopyranosyl unit C-6 (5 60.7). 39 This evidence sug¬ 
gested that C-l'" of the apiose unit was glycosidically linked 



Fig. 5. l,l-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activ¬ 
ity of the chemical constituents from Gmelina arborea bark. Filled dia¬ 
monds, trolo x\filled squares, 3,4,5-trimethoxyphenol (6); open triangles, 
tyrosol (1); crosses , gmelinol (3); open diamonds, (+)-balanophonin (2); 
filled circles , 2,6-dimethoxy-p-benzoquinone (5); open circles, 
(-)-p-hydroxyphenylethyl[5'"-0-(3,4-dimethoxycinnamoyl)-p-D- 
apiofuranosyl(T" —> 6")]-P-D-glucopyranoside(4) 

to C-6" of the glucose. The FAB-MS showed its molecular 
ion peaks and the related ion peaks: [M+Na] + at m/z 645, 
[M+l] + at m/z 623, and [M] + at m/z 622. Therefore, 
compound 4 was identified as (-)-/?-hydroxypheny 1 ethy 1 [ 5'"- 
0-(3,4-dimethoxycinnamoyl)-/J-D-apiofuranosyl (1'" —> 6")]- 
/3-D-glucopyranoside. To our knowledge, this is a new 
compound. 

The methanol extract of G. arborea bark afforded two 
compounds, 5 and 6 (Fig. 2). The former was isolated as 
yellow powder. The EI-MS showed its molecular ion peak 
at m/z 168. The H NMR spectrum showed two singlets at 
5 5.86 (2H, CH=) and 3.82 (6H, -OCH 3 ), which have a 
NOESY correlation with each other (Fig. 3). Compound 
5 was identified as 2,6-dimethoxy-p-benzoquinone by com¬ 
parison of data with that of the authentic compound iso¬ 
lated from Tanjung wood ( Mimusops elengi ). 40 

Compound 6 was isolated as pale brown powder. The H 
NMR spectrum showed a singlet of aromatic-H at 5 6.09 
(2H), a broad singlet of a phenol at 5 4.76 (1H), and two 
singlets of aromatic methoxyl groups at 5 3.82 (6H) and 
3.78 (3H), indicating a symmetric aromatic structure. The 
NOESY spectrum (Fig. 3) showed that the aromatic protons 
had correlations with the aromatic methoxyl groups at 5 
3.82. EI-MS data showed its molecular ion peak at m/z 184. 
Compound 6 was identified as 3,4,5-trimethoxyphenol by 
comparison of the data with that of the authentic compound 
isolated from Tanjung wood ( M. elengi ). 40 

DPPH free radical scavenging assay of the identified 
compounds (Fig. 5) indicated that 3,4,5-trimethoxyphenol 
(6) exhibited a moderate antioxidant activity, whereas 
the others (1-5) showed weak activity. A previous study 
of tyrosol (1) isolated from Olea europea found weak 
antioxidant activity. 41 (-t-)-Balanophonin (2, an 8-5' neolig- 
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nan) and gmelinol (3, a lignan) had less effective radical 
scavenging activity than 3,4,5-trimethoxyphenol (6), but 
stronger than 2,6-dimethoxy-p-benzoquinone (5) and (-)- 
p-hydroxyphenylethyl[5 , "-0-(3,4-dimethoxycinnamoyl)- 
/J-D-apiofuranosyl(1—> 6") |-/j- i:>-gl ucopyranoside (4, a 
phenylethanoid glycoside). High-level methoxylation of 
lignans diminishes the DPPH radical scavenging activity 
due decreased content of the phenolic hydroxyl group. 42 
Most quinones exhibit much lower radical scavenging activ¬ 
ity than lignans. 43 
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